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l. Introduction Inelastic electron scattering and inelastic proton scattering are well known tools for the study of nuclei. In the inelastic excitation of a nuclear collective state, an electron is essentially scattered only by the target protonG 1 ), On the other hand, a proton with energy< 100 MeV inter- The electron-nucleus interaction is electromagnetic in origin_and well understood in principle. In addition, an electron is not absorbed appreciably during the scattering process. These features make possible an accurate determination of the proton transition density directly from the experimental data, provided it extends over a sufficient range of momentum transfer. There are some theoretical uncertainties in the interpretation of the (p,p') reaction and a proton is absorbed as it is scattered, so the information gained is not so precise as in the case of electron scattering.
For collective excitations in N=Z nuclei the proton and neutron transition densities are identical, up to a phase, insofar as iso-spin can be considered a good quantum number. Here information about the proton transition densities obtained from electron scattering provides a direct means of testing models for the (p,p') reaction. Some calculations of this type have been reported 5 ). A recent study 6 ) of (a,a') andy-decay data suggests that the neutron transition densities are approximately N/Z times the proton transition
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.,. n P A similar study 2 ) made with (p,p') andy-decay data provided only a rough in- ' dication.that pn ~ pp. Additional information on this question can be gained from the (e,e') and (p,p') reactions. It is, of course, also possible to use these reactions to directly test theoretical nuclear wave functions.
We present here theoretical (e,e') from factors and (p,p') differential cross sections for the first 3-and 5-levels in 40 ca, the first 2+ and 3-levels in 120 sn, and the first 3-level in 208 Pb. We have used the correlated particle-hole wave functions of Gillet and collaborators 7 ) in the calculations for the doubly closed shell nuclei and the two quasi-particle wave functions of Clement and Baranger 8 ) in the calculations for 120 sn. We also present (p,p') cross sections calculated with p taken from experimental (e,e') studies, p subject to the condition p = (N/Z)p . If the final state has spin J and the target has spin zero, the angular momentum transfer is restricted to the value J and the longitudinal form factor, in Born approximation, is given by
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J where jJ. {qrr is a spherical Bessel function and p is the charge transition ch density. The latter differs from the point proton transition density pJ p because of tb.e finte size of the proton. They are related by (3) where Pp designates the charge distribution of the proton.
J
We can obtain pp from theoretical nuclear wave functions by using the definition
where ( II II ) is a reduced matrix elementl6) and the sum on i runs only over the target protons. The neutron t~ansition density, p~, is given by the same expression with the sum on i running over the target neutrons.
Born approximation 'is valid only for electron scattering from very light nuclei. For most cases of interest it is necessary to take into account the distortion of the electron wave function by the nuclear Coulomb field. As this field is attractive in the case of electron scattering, its effect is to increase the wave number of the electron projectiJe in the vicinity of the tar- We use this modified Born approximation in the calculations of this paper. The results of distorted wave calculations are available for comparison.
We have found empirically that the results of the approximate calculations can be improved by choosing
with r given by (J + 1)/q. This is not unreasonable because for low q the· electron does not penetrate to the center of the target nucleus. Work is currently in progress on distorted wave code 17 ) which makes use of detailed eikonal formula of Yennie and Ravenha11 18 ).
-. The approximate relation between the (p,p') cross sections corresponding to p = (N/Z)p and p = p is easily obtained from eq. (8) . The expression is
where V 0 and V 1 .represent the strengths of the iso-scalar and iso-vector S=O components of the projectile-target interaction, cross sections corresponding to p = (N/Z)p and p = p will typically be n p n p less than a factor of 2; th.erefore, accurate data and careful analysis is required if definite conclusions about p are to be made.
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COMMENTS ON FOLDING INTEGRALS

I I
The proton charge transition density, eq. (3), and the proton scattering form factor, eq. (8), are related to the point nucleon transition densities through folding, or convolution integrals. These integrals are common in direct reaction models and their properties are generally well known. Nonetheless, a few qualitative remarks concerning these integrals might be helpful in the discussion of the next section of this paper.
The general form of the folding integrals is
where f is the folded function, g is the unfolded function, and vis the folding distribution which we assume to·be scalar and integrable. The momentum space analog of eq. (11) is
which demonstrates that there is a one to one correspondence between the momentum components of the folded and unfolded functions. This is a useful relation.
As an example, it shows that a knowledge of the spatial localization in the distorted wave transition amplitude is sufficient to determine which momentum· components of the transition densities are important in inelastic proton scattering.
The volume integral of v, i.e.
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is simply a scale factor between f and g. All information about Shape differ ences between f and g is contained in (14) where f = Af' and v = Av'. The normalized folding distribution v' has the value unity at k = 0 and decreases smoothly with increasing k at least in the case of the distributions of practical interest. We see immediately that differences between f' and g increase as the momentum space localization in g moves to larger values of k. This is equivalent to increasing multipolarity or decreasing spatial extension in g, all other factors. being constant.
Examples of this will be evident in the results of the next section. We also mention that this discussion can be formulated more precisely in terms of relations between the moments off', v', ~d g 21 ), but this aerves no purpose here. 
The parameters for these densities are contained in the summary given in Table 1 . 
and the parameters are given in Table 1 . In fitting the data, p 0 , c, and z, were constrained so that p~h gives B(E3t) = 7.2 x 10 5 e 2 tm 6~a s determined in an experiment with 70 MeV electrons 30 ). In order to extend the fit out to 2. 8 fm -l, it· was necessary to add an oscillating modification to this charge transition density 11 ). The main effect of this oscillating modification is -14-LBL-1626 3 to produce a small secondary peak in pch at r;::::: 3.5 fm. Proton scattering calculations were found to be insensitive to contributions from r < 4 r.m, i.e. data from ref.
• The result obtained using eq. 5b is clearly the best.
It is in good agreement with the data and the results of distorted wave The results are about a factor of two too low at the first maximum. We also note that there are large differences between the results for the Gillet density and the phenomenological density for q beyond the first minimum, indicating that there are significant differences between the two densities for r < 4 fm. This has been discussed in ref. by ~ to normalize out the differences observed in the electron scattering results. We see that the phenomenological matter density is larger than the normalized Gillet matter density in the surface region which is consistent with the above remark. Note that comparing only the peaks of the two densities
gives an exaggerated picture of the differences, because the Gillet density has a longer tail than the phenomenological density. have been fit to the data 9 ) in a distorted wave analysis. The parameters are given in Table 1 8 ) it is assumed that the ground state of 120 sn is a closed Z = 50 shell for protons and a BCS vacuum for neutrons. The wave functions for the excited states have been obtained by diagonalizing a realistic Hamiltonian in a large 2-quasiparticle basis. In the case of the closed proton shell a 2-quasi-particle excitation is simply a particle-hole excitation. to allow us to make any stronger claims.
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